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of data is worthy of a more thorough analysis than can be 
given to it in the present REVIEW. The 19th, Both, and 21st 
had been marked hy ai1 unusual number of thunderstorms in  
Louisiana and New Jersey and the weather maps of those days 

Ohio, mow began a t  7.05 a. m., with a gale reaching a maxi- 
mum velocity of 60 miles per hour from the northeast, and an 
extreme of 85 miles ; the storm was the heaviest ever espe- 
rienced ; the Weather Bureau oliserver a t  that  place reports 
that snowdrifts in some places reached 8 feet high ; consider- 
able damage was done by high wind. and traffic w m  SIW- 
pended ; the gale caused the water in the river to rise rapidly, 
flooding docks and cellars. The heaviest storm in the hi+ 
tory of Chicago began in tlie early morning ; snou began at  
5.30 a. ni., and continued during tlie day ; the wind averaged 
nearly $0 miles an h o w  froiii the northeast for iiiore than ten 
hours and reached a niaxiinuni velocity of 14 miles a t  11 a. 
m.; damage was done to the amount of $950,000. A t  Detroit, 
Mich., snow began a t  9.20 a. m.. aucl continued during the 
day, accompanied by high wind ; trains were delayed through- 
out the State. and business in general sufferecl. At Port 
Huron, Mich., snow hegan a t  9.51 a. ni., with high winds, 
reaching a maximum velocity of 45 miles per hour ; tlie wind 
did not go below 40 miles an hour during tlir afternoon, 
drifting the snow in some places to a depth of 6 feet. At 
Milwaukee, Wis., snow began cluring the early morning, ac- 
companied Ly a gale of 49 iiiiles per hour, driftipg the snuw 
badly. The storm was general throughout Iowa, Iiansas, and 
Missouri, and traffic was greatly delayed. 

16tli.-At Key West, Fla., high wincls attained a maxi- 
mum velocity of 42 miles per hour; 33 lilih3 west of Key 
West a bark went ashore. A thnnderstorni, with high wind 

and Minnesota ; between 9 and 10 p. ni. a t  stations south and 
west of these. The records of the two nights do not seem to 
show any uniform relation, indicating that  the aiirora de- 
pended upon eruanations from tlie sun ; i t  would certainly 

and heavy rain, m v e d  northeast over Alexandria, La., about 
1 a. m., daniaging property to the extent of $10,000. 

l?th.-During a thunderstorm on the Arkansas River, 
near Little Rock, Ark., a man was killed by lightning. 

19th.--X thunderstorm a t  Hightstown, N. J., caused 
minor clamage. Damage was caused by heavy rain and high 
wind in California, north of san Francisco. Damage was 
done by a windstorm which began in Nevada on the 17th and 
continued during the 19th. 

22d . -A report from Los Angeles, Cal., states that a severe 
norther prevailed in that  section. Great damage was done 
to oranges and other fruits. 

2 4 = 2 6 t h . - ~ ~ n i i s i i a l l ~  severe snow a d  sleet storms pre- 
vailed from RIassachusetts over the south Atlantic States, and 
extended over the Ohio Valley and Tennessee to Texas, at- 
tended by heavy gales from the New England to the North 
C'arolina coasts. 

Special warnings of heavy snow were sent out to the ob- 
servers of tlie IVeatlier Bureau a t  U'ashington, Baltimore, 
Philadelphin, New Tork, Pittsbnrg, and Buffalo, and to rail- 
r o d s  in Rlarylancl, District of Columbia, a d  Pennsylvania. 
A tabulated statement giving the beginning and ending and 
the total depth of s n o ~  in thp Southern States during this 
storm is given on pp. 61-69. A t  Charleston, S. C., and other 
points in tlie South early vegetables were considerably injured. 

28th.-During a thunderstorni a t  Rush Point, La., a man 
was killed l y  lightning. 

ATMOSPHERIC 

THUNDERBTORMS AND AURORAS. 

The talde on page 69 shows in detail for February, 1894, 
the number of stations from which meteorological reports 
were received, and the numher of such ptations reporting 
thunderstorms ( T )  and auroras ( A )  in each State and on 
each day of tlie month. 

THUNDERSTORMS. 

A mention of tlie more severe thunderstorms reported dur- 
ing the month is given under " Local storms." The dates on 
which reports of thunclerstornis were most nunierous are the 
9th, l l t h ,  and 19th. The dates on which reports were least 
numerous are the 4th, 5th, Gth, 13th, 14th, 15th, 16th, E d ,  
234 24th. The States froni which the most iiuiiierous reports 
were received were : Arkaiisas, 46 ; Florida, 40 ; Louisiana, 
73 ; New Jersey, 25 : Texas, 32. 

AURORAS. 

ELECTRICITY. 

Southn est, Gulf, and Atlantic States were finally pushed 
south and east by tlie great high area, No. VII, which appar- 
ently inovecl froin Siberia into Blapka and southeast\.vard until, 
on the 22~1, S p. ui., it was central in Wyoming, but on the 
93d, r; p. m., extended as a ridge over Idaho, Wyoming, Min- 
iiehota, and Ontario. There was u siniilar area of high prea- 
sure January 12-14, 1S93, in  Siberia and North America, bat  
I clo not know that a special auroral display attended it. 

The reports of the aurora of February 22 and 23 show 
many interesting chronological and geographical c( irrelations, 
among which I note the followiiig : 

1. The reported time of lieginning of visibility of the aurora, 
as expressed in uniform seventy-fifth meridian time, or, if 
i t  is preferred, uniform Green\$ ich time, or any other pre- 
ferred uniform system, seems to have lieen earlier on the 23d 
than on the 32d ( 16 regular IVeather Bureau stations report 
earlier, 5 later, and 4 the same time). This mould he an im- 
portant point nere it not that one must naturally fear lest 
the occurrence of th r  aurora on the 22d had macle the observ- The evenings on which bright nioonliglit must have inter- 

fered with observations of faint auroras were the 15th to 1 em more alert on the 23d .  
234 inclusive. On the remaining twenty days of the iiioiith 1 2 .  -4s expressed in 8eVelity-fifth meridian time the alzrora 
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Thunderstorms and aiwotaa, Fetnwry. 1194. 
- 

Alabsma ....... 
Arizona.. .............. 
Arkansas .............. 
Colorado ............... 
California .............. 
Connecticut ............ 
Delaware .............. 
District of Columbia.. . 
Florida ................ 
Georgia ................ 
Idaho .................. 
Il!inoia ................ 
Indiana.. ............... 
Indian Territory ....... 
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Kentucky .............. 
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South Dakota .......... 
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pened day after day a t  intervals so nearly equal to twenty- 
four hours in this as in niany other auroras. 

3. On the other hand it is remarkable that  the whole aurord 
display began on the 22d on the Pacific coast, where i t  was seen 
by a large proportion of the ohservers in Washington, Oregon, 
and northern California, whereas i t  was seen on that evening 
by only a small portion of the observers in the Eastern States. 
On the 23d it) was not seen on the Pacific coast, partly owing 
to cloudiness, and at only a sniall portion of the Rocky Moun- 
tain stations, whereas it was seen in a large portion of the 
Middle and Eastern States. On both nights the proportion 
of stations in  the Dakotas, Minnesota, aiid adjacent States 
was about the same. .The conclusion suggested by these facts, 
viz,  that the conditions favorable to the aiirora were nioving 
eastward across the continent, is confirmed by the following 
paragraphs. 

4. By charting the absolute tinies of beginning and by 
drawing lines showing the times of sunset over the ClJuutry 
we ohtain the interval hetween sunset and the first appear- 
ance of the aurora, and notwithstanding the irregularities in 
the records, i t  becoiiies apparent that  on the 22d the aurora 
began to be visible 1 hr. a i d  40 min. after sunpet in California, 
1 hr. and 30 min. in Oregon, and 1 hr. and 20 niin. in M’ash- 
ington. Over Idaho, Montana, North Dakota, northern hlin- 
nesota, Wisconsin, and Lake Superior the interval after sun- 
set was, for the earliest reports, froin one to two hours, aver- 
aging about the same as northern C’alifornia. Further south 
and east of this belt there was a region ahout 600 miles broad 
in which the aurora, or rather individual local anroras, first 
began to appear between two ancl three hours after sunset. 
Finally, a t  most stations in Kentucky, Ohio, New York, and 
New England, if visible a t  all, auroras occurred from three to 
four hours after sunset ; there is every appearance of a pro- 
mulgation eastward of the conditions favorable to the aurora, 
the rate being niost rapid on the Pacific coast and least rapid 
in the interior. 

5. The movement is like that  of the front of n school of 
fish where each fish is pushing ahead of his fellowN and is 
well brought out if, instead of comparing stations that. lie 
east and west of each other, we collate those that  lie north 
and south, from which i t  appears that  the aurora always 
began later after sunset a t  southern stations than a t  north- 
ern ones, and that, in fact, in the extreme north it was clonbt- 
less in progress a t  and before sunset ; this points unniistak- 
ably to the conclusion that  either the cooling by radiation, 
which we call nocturnal cooling, or the general south and 
east movenient of niasses of cold air, or hoth, brought the 
atmosphere into those conditions as to temperature ancl hu- 
niidity that  were neccessary for the auroral display. On the 
21st and 24th n few auroras were reported from both the cen- 
tral auroral area and the outlying States, shoa ing that favor- 
able conditions are always present here and there, and that  
the general aurora is due to a special combination of these. 

6. The relative importance of the niovenient of cold air and 
of the nocturnal racliation is shown by cc miparing tlie chart 
of auroral display with the daily weather chart, froin n hich 
it will be seen that  for a week before the aurora the great area 
of high pressure, No. VII, with its attendant cold, dry air and 
clear sky, had been pressing southeastward from Alberta into 
the Missouri Valley and the Lake region. Auroras were re- 
ported on the 21st a t  a few stations in the Lake region and 
in North Dakota, Idaho, Nevada, and Oregon. This layer 
of cold air near the surface of the earth must, according to 
all experience, have been accompanied in its latter stages hy 
comparatively warm air above it, and in the nearly horizontal 
plane between these two layers was one whose moisture aiid 
temperature required only a slight cooling, due to nocturnal 
radiation, in  order to bring it into the coiidition in which the 
aurora was possible. As the isotherm of 20° on the p. m. map 

includes nearly the whole area of visibility we note that  the 
inovenient of the front of the area of high pressure from Feb- 
ruary 20, 8 p. m., to February 21, S p. ni., had not carried the 
isotherm of 20° appreciably south or east or west; i t  had 
Imrely held its own for three days, but from the “st to the 
22d this isotherm hacl moved northward across the line from 
New Mexico to New England and slightly eastward across 
the line from New Mexico to British C‘olnnihia ; therefore, a 
great layer of cold air was here heninied in by the Rocky 
Mountaim and the Appalachian range, filling tlie lowlancls, 
nioving south\\ arcl, pushing some surface air northward but in 
other regions rising and flowing back overhead on itself, and 
Rteadily accumulating a layer of warmer, moister air above it. 

The progress south and east of the high area had prepared 
the way a t  a comparative slow rate of advance, Init the process 
of cooling by radiation is one that goes on siniultaneously and 
attains the proper degree almost eimultaiieously, over large 
regions, ancl this, alone, explains the rapid spread of the aurora 
further south and east cluring the evenings of the 22d and 
23~1, when once the may hacl been preparecl. The southward 
increase of the iiiterval between sunset ancl visibility was, on 
the 22cl and on the Pacific coast, a t  the rate of about one 
minute of time to each degree of latitude, but in the dry inte- 
rior between the ninetieth and one hundredth meridians and 
the thirty-ninth and forty-ninth parallels i t  was at  the rate 
of about fifteen n i inu te~  of time to the degree. 

If the angular rate a t  which a11 observer perceives his own 
auroral light to advance southward be compared with the 
general linear rate of progress of the whole display from sta- 
tion to station there will rrsult a cleterniination of the alti- 
tude of the auroral stratmn above the earth. Thus, fifteen 
minutes of time for lo of latitude for the general advance, 
ancl fifteen minutes of time for an apparent advance a t  any 
station from .iso altitude in the north to the ohserver’s zenith, 
would correspond to an altitude of 70 miles. If this calcula- 
tion be applied to the ’‘ nierry dancers” that  move in a second, 
or ~PSS,  fl’Olil the horizon up to the zenith, it gives an altitude 
of 1 mile. 

7.  In so far as distinctly well-marked beams and arches 
were recorcled on the 22d and Y3d they show 110 such agree- 
nient as  to time and location as to justify any effort to deter- 
niine the exact distance of the aurora from the stations, but 
they confirm the conclusion long since announced that such 
parallax methods are impracticable and illusory. 

RIally observers describe waves or beams, streamers or 
clouds of light as nioving from east to \+est or from west to 
east. If this motion were due to general cawes, i t  would 
be an important item of knowledge. On collating the re- 
ports it would seem that lli~lie have recorded the phenomena 
\t ith suficient fullness and accuracy to warrant minute 
analysis. Pix observers report that streamers nioved a t  first 
froin east to west and subsequently from west to east; two 
speak of them as moving east and west; seven speak of them 
as nioving froin east to M est and say nothing about the con- 
trary niovrment : three speak only of the motion from west 
to east. 
S. o n  both the western and southern sic1eR of tlie aurora of 

the S2d and 2311 the tem1)erature of the air a t  the surface 
becanie warmer on the following day, h i t  on the eastern 
side the temperature fell with the advance of the region of 
high pressure. As this region of fall was limited by the ab- 
sence of reports and not by a meteorological boundary it does 
not argue against thr  general principle that the niost extreme 
limit east as well as west a t  which an aurora appears is one 
over which the temperature will probahly rise the next day 
in  proportion as the cold and dryness of the high area is 
being overcome by the .warmth and moisture of the regions 
into which i t  is advancing. 

9. The U. S .  Naval Observatory a t  Washington reports 
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that  a magnetic storm began on the 30th and continued for a 
week thereafter, the details of which will lie puhlished else- 
where. Apparently, therefore, t h e  electric disturliance that 
caused the magnetic storm had accompaniecl this area of  high 
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streamers, and arches and the colored lights a t  the exact 
iiiinute of the beginning of the whole hours 7, 8,9, 10, or 11 p. 
ni. of this standard time and should note whether a t  such 
moments the Learns are moving. eastward or westward. 
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EARTH ClTRHENTB .4ND MAGNETIC STORMS. 

The LT. 8. Naval Observatory a t  Washington reported a 
remarkahle inugnetic storm from the 20th to the 26th. 

Distnrbances on the telegraph lines were reported on the 
followiiig dates, viz. a t  Davenport, Iowa, February 22, for one 
honr on linee in all directions ; Kansas City, Mo., on the 23d ; 
Dnlut,h, Mian., 224  48~1, 34th, 21th. 

STATE WEATHER SERVICES. 
[ Temperature i)r degrees Fahrenheit j precipitatiott, incliiding melted snow. i n  inches and htrndredths.] 

The following extracts and summaries are republished from reports for February, 1894, of the directors of the various 
state weather services : 

ALABAMA. 
Teniperaftrre.-The mean was 1.4 below the normal: maximiini, 80. at 

Brewton, "1st. and at  Geueva, 9th and 18th; miniiniim. 1". at  Opeliks, 13th; 
greatest monthly range, 59, at  Newburg and Opelika: least monthly range, 
41, at  Birmingham. 

A.ecipitafion.-The average was 2.42 above the noriual; greatest monthly, 
16.64, at  Brewton: least monthly, 1.71, at  Sturdevant. 

iFind.-Prevailing direction, north.-F. P. Chafee, Loral Forecast 08- 
cial. Weather Bureau, Nontyorriery, dirrctor. 

ARIZONA. 

Teniperature.-The mean was 6.0 I)rlow the normal; maxitnuni, 89, at 
Buckeye, 28th; minimum, -9, at FlagstaE, 14th; great& monthly range. 71.  
at Whipple Barracks; least monthly rance. 43, at Oracle and Ked RlJCk. 

Preci itation.-The average wa4 0.10 below the normal; greatest monthly, 
3.43, a tgo r t  Grant; least niotithly, trace, at Parker and Yiima.- 1K Ricrrours, 
Observer, Weather Bureau, Tucson, director. 

ARKANSAS. 

Temperature.-The mean was 6.8 below the normal; maxinium, 75, at 
Blanchard Springs arid Hamburg. 19th; minimiinn, zero. at  Rogers, 15th; 
greatest monthly range, 64, at  Rogerh: least niorithly range, 41. at Jloilnt Ida. 

Precipitation.-The average was 1.98 above the normal; greatest monthly, 
11.46, at  Searcy; least monthly, 2.15, at Chines Landing. 

Wind.-Prevailing direction, north.- F. E. Clarke, Lord Forecast O f l -  
cial, Weather Bureau. Little Rork. dirertnr; G. G. Earkness, Observer, 
Weather Bureau. assistant. 

IDAHO. 
Terrtperat?tre.--hlaxiniuni, 68, at T,ewiston, 28th; minimnm, -31, at  Paris, 

22d: greatest month1.v range. 85, at Paris: least monthly range, 28, at  Atlanta. 
Aeci~itatio/i.-GreateRt monthly, 5.78, at  Boise Barracks; least monthly, 

O.RR. at Chestertield. 
Iii',id.-Prevailing direction. west.-J. H. Smith, Observer, Weather Bu- 

reau. Idaho Falls. director. 
ILLINOIS. 

Irencperatirre.-The meail was 3.1 below the normal; maximum, 65, at  
Palrbtine, 9th; uiininium, -14, at  Oswego, 21st; greatest montlily range, 63, 
at Philo; least iuuiithly range, 43, at Saint Johns. 

Aecil)itation.-The average n as 0 89 below the normal; greatest monthly, 
6.01, at Pale\tine: least montlil!, 0.30, at Efingham. 

WintZ.-Prevailing direction, northwest.-Johrc Craig, Ohser~er. Weather 
Riweitrt. Springfield. director. 

INDIANA. 
Teniyeratiri.e.-TIte mean was 2.7 lielow the normal; maximum, 67, at 

Seymour. 9th: niinimum, - 1 0 ,  at Valp;waiso, 21st; geateqt inonthly range, 
65, at Lafayette; least monthly range, 43, at Huntinyburg. 

A.eciliitation.-The average was 0.35 below the uormal; greatest monthly, 

Wind.-Prevailing directiou. northwest.-Prof. H. A. Hrtatori, La ayette, 
director; C! F. R. JVapperihans. Local Forecast Ofirial, Weather &creau, 
a.wi.vfuiif. 

IOWA WEATHER AND CROP SERVICE. 

6.50, at R1:iretigo: least monthly, 1.4j. at Logansport. 

Precipitation.-'l'he average was 0.09 below the uormal; greatest monthly, 

Wind.-Prevailing direction, west.-J. A. Barwick, Ohsetuer, Weather 
16.48, at Meadow Valley; least monthly, 0.12, at  Needles. 

Bureau, Sacramento, director. 
COLORADO. 

Temperature.-The mean was 8.0 Iielon the normal; maximum, 73, at 
Lamar. 23d; minimum. -34, at  Steamboat Springs, 4th : greatest monthly 
range, 85, a t  Akron: least monthly range. 37,  at Pikes Peak. 

A.eeipitation.-The average n-as 0.10 above the normal; greatest monthly. 
7.77, at Breckenridge; leayt monthly, tracr. at  Kirk. 

Vind. -Prevailing direction, west. -I?. H. Srillivaii I Observer. M'etrt her 
Bureau, Denver. acfirig director. 

CONNECTICUT. 
(See New England.) 

DELAWARE. 
(See Maryland. 1 

FLORIDA. 
Temperature.-The mean was 2.1 below the normal; maximum, 86, at  

Orlando, 3d, at  Orange City, 14th, and at  Plant City, 10th and 19th; minimum. 
28, at Mosely Hall, 6th, and at  Tallahassee, 16th; greatest monthly range, 53, 
at Archer and Orange City; least monthly range, 27, at  Key West. 

A.ecipitation.-The average mas 0.60 below the normal; greatest monthly, 
11.19, at  Tallahassee; least monthly, 0.0& at Key West. 

Wind.-prevailing direction, southwest.-E. K. Demain, Observer, Weather 
Bureau, Jacksonville. director. 

4 

KANSAS. 
Irerriper,titurr.-l'he mean wab i.!l below the normal; maximum, 79, at 

Culdaater, 19th; ~ninimum, -16, at  Lakin, 12th; greatest monthly range, 78, 
at Manhattan: least monthly range. 57, at Rome. 

Precipitation.-The average was 0.29 ahove the normal; greatest monthly, 
2.42, at Lelm: least monthly. 0.10. at  Eldorado. 

WinJ.-Prevailiug direction. hotith.- T. R. Jennings, Observer, Weather 
Bitreou. Topeka. director. 

KENTUCKY. 
Teniperg/icre.-The mean wan 2.2 below the normal; maximum, 74, at 

Bonling Green. 9th; minimum, 3,  at Elizabetbtown, 5th; greatest monthly 
range, 64. at Eubanks and Harrodsbi~rg; least monthly range, 46 at Catletts- 

A.ecripitation.--The average was 0.12 above the normal; greatest monthly, 
7.99, at Rossellville; least monthly, 2.98. at Pellville. 

Wind.-Prevailing direction, northwest.-Frank Burke, Local Forecad 
qfficial. Weather Bureau. Louisville, director. 

LOUISIANA. 
Terriperatttre.-The mean was 5.1 below the normal; maximum, 87, at 

OpelousaS, 20th; minimum. 17, at Sugartown, 16th and 26th; greatest 
monthly range, 66, at Lake Charles; least monthly range, 40, at Port Eads. 

Precipitation.-The average was 2.76 below the normal: greatest monthly, 
13.83, at  West End (New Orleans); least monthly. 2.92, at  Minden and Delhi. 

Wind.-Prevailing direction, north.-R. E. Kerkam, Local Foreeast 
Official, Weather Bureau, New Orleans. director. 

bl1l.g. 


